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Assessment of Rapid Diagnostic Tools 
in the Nitrogen Status of Inoculated Pea 







The pea, (Pisum sativum L.) as other legume plants, has symbiotic relationship with 
bacteria from genus Rhizobum that are able to perform biological fixation of atmospheric 
nitrogen due to the fact that plants are able to meet their seasonal nitrogen requirements. 
Nitrogen content in pea plant after artificial inoculation with ten indigenous strains of R. 
leguminosarum previously isolated in Herzegovina soils, referent check R. leguminosarum 
1001 and the control with no inoculant, was investigated. The field study was set up in RCBD 
with four replicates at Hodbina (Mostar, Bosnia and Herzegovina) in 2009. Nitrogen was 
analyzed based on ten whole plants per plot. The total nitrogen in aboveground plant parts 
and number of pods were measured at anthesis. The total nitrogen in grains was measured at 
technological maturity. Relative amount of chlorophyll (un-dimensioned units) content and 
nitrates (NO3-N ppm) with the use of rapid diagnostic tools as Chlorophyll meter and Cardy 
ion meter was observed three times, just before flowering, at anthesis and at technological 
maturity. R. leguminosarum strains had affected total nitrogen content in the aboveground 
part of the peas comparing to the control (uninoculated seeds) and referent strain 1001. The 
treatment was not significant for number of pods per pea plant but significant differences 
appeared for applied strains and control, based on Cardy-ion meter readings with values 
in range from 246 to 387 mg NO3-N kg
-1. Measured Chlorophyll content in the leaf showed 
no significant difference with respect to the applied indigenous strains R. leguminosarum 
compared to the control where values ranged from 46.87 to the 49.57 units. Measurements 
with both devices showed significant differences in obtained values due to the vegetation 
period.
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INTRODUCTION
Pre-sowing inoculation treatments with Rhizobium strains 
have no soil contamination effect. They can provide a greater 
amount of fresh organic matter by stimulating effect on 
indigenous microbial populations, their enzymatic activity thus 
increasing soil biogenity, metabolism and soil organic matter 
levels, which positively affects the physical properties of the soil 
(Redžepović et al. 2006, 2007, Sikora et al. 2008). Seed inoculation 
of legumes with selected strains of Rhizobium leguminosarum 
enhances the nitrogen fixation and enables an alternative in the 
plant nitrogen supply (Blažinkov et al. 2007; Sikora et al. 2008; 
Mungai and Karubiu 2011). Rhizobium species provide nitrogen 
fixation with compatible species of legume plants, but only if they 
are present in the soil at the right time and sufficient quantity to 
create a symbiotic relationship (Sikora et al. 2008, Blažinkov et 
al. 2007, Bejandi et al. 2011). The plant leaves tissue analysis was 
rapidly used for determination of the nutrient status contrary 
to long standard laboratory analytical procedures. Chlorophyll 
and Cardy-ion meters tools were proposed as rapid diagnostic, 
non-destructive methods for indirect determination of nitrogen 
status in plant tissue (Vos and Bom, 1993). Sampling of leaves for 
this purpose was recommended in most physiologically active 
period during the daylight from 9 a.m. to 1 p.m. Fully developed 
leaves (4-5 leaves from the top of the main stem) (Vos and Bom, 
1993; Minotti et al., 1994) from healthy plants should be taken 
for analysis. The Chlorophyll-meter readings (SPAD value) were 
performed from the central part of the leaf, taking 30 readings 
average. The petioles of some sampled leaves (about 3 cm of the 
petiole from the base to the leaf) could be used for measurements 
of NO3-N by squeezing the juice sap on Cardy-ion meter and 
reading the nitrate concentration. However, the assessment of 
these tools in detecting plant nitrogen status should be tested for 
each cultivar or variety in particular, as well as agro-ecological 
growing conditions. The chlorophyll-meter is used to measure 
the content of chlorophyll (a molecule that absorbs sunlight 
and uses light energy to synthesize carbohydrates from water 
and CO2) in the leaf blade. The content of identified chlorophyll 
reflects the nitrogen status in the plant, since chlorophyll contains 
about 70% of leaf N, and good correlations of chlorophyll with 
the concentration of the leaf nitrogen confirm the accuracy of 
method (Bullock and Anderson, 1998). Provided measurements 
are simple and without destruction of the leaf blade. Chlorophyll 
reading values are expressed in units of 0 to 99.9. The Chlorophyll-
meter reads the total chlorophyll present in the crop leaf, with the 
help of light transmission, i.e. its wavelengths (red-650 nm and 
short-wave infrared-940 nm). During the measurement, the light 
is reflected and converted into electrical signals which amplify and 
convert into a digital signal. A different intensity of reflected light 
achieved gives SPAD values by further processing. The Cardy-ion 
meter has a flat surface design with ion-selective electrodes for 
nitrate detecting from the petiole sap. The meter has a scale in 
range 100 to 10000 NO3-N ppm. Readings can be made directly 
in the field. According to Takebe (2000), in vegetable crops the 
petiole presents a tissue in which nitrates are stored and suitable 
for plant analyzes by Cardy-ion meter, because the concentration 
of nitrates is changing according to the N status in the plant. The 
same author points out that nitrate levels are higher in the petiole 
than in the whole plant. Increased nitrogen levels increase NO3-N 
concentration, as confirmed by numerous studies (Wescott et 
al., 1991; Lewis and Love, 1994; Sharma, 1996). In some cases, 
the different nitrate content in the plant tissue depends on 
agroecological factors (tillage, fertilization, irrigation) and climatic 
conditions during the growing season (Cieślik, 1995). It has also 
been confirmed that different cultivars, soil, climate and weather, 
as the main factors influence the reading of SPAD values (Oliver 
et al., 1999). The main objective of the study is to evaluate the use 
of rapid diagnostic measurements by Chlorophyll and Cardy-ion 
meters in detecting of nitrogen status in plant tissue comparing 
to the nitrogen analysis by standard Kjldahl laboratory method. 
For plant tissue analyses the pea variety Petit Provencal was used, 
inoculated with ten indigenous strains of R. leguminosarum and 
one reference R. leguminosarum 1001 and obtained results were 
compared in relation to control. The obtained result should 
present the inoculation efficiency by different Rhizobium strains 
and selected diagnostic tools accessibility in detecting nitrogen 
status in pea plants.
MATERIALS AND METHODS
Experimental field was set in 2009 with peas (Pisum sativum 
L.) variety Petit Provencal at the Hodbina site (near Mostar, 
Bosnia and Herzegovina). Pea variety was inoculated with the ten 
indigenous R. leguminosarum strains V 1, V 5, V 6, V 7, V 10, V 13, 
V 14, V 18, V 19, V 20 (isolated from native soil of Herzegovina 
Table 1) and one reference strain R. leguminosarum 1001 (from the 
collection of the Institute of Microbiology). Randomized complete 
block design in four replicates was used with plot size 22m x 17m 
(374 m2). Fields were sown manually on March 19th, 2009. The 
strains were multiplied and prepared for pre-sowing inoculation 
of peas at the Department of Microbiology, Faculty of Agriculture, 
University of Zagreb. Standard soil analyses were performed before 
seed sowing. pH reaction was done by potentiometric method 
(BAS ISO 10390:2009) w/v 1:2.5, the total nitrogen content in soil 
was detected by modified Kjeldahl method (BAS ISO 11261:2010), 
the concentration of available phosphorus (by spectrophotometer) 
and potassium (by flame photometer) in soil was determined due 
to ammonium lactate method (Egner et al., 1960) and the content 
of soil organic matter was analyzed by Kotzmann method (JDPZ, 
1966). The number of pods and total nitrogen content in the 
aboveground part of the plant (%) were measured on 10 randomly 
sampled plants at anthesis. The plants in technological stage were 
sampled for the detection of total grain nitrogen content (%). The 
total nitrogen content of the aboveground plant part and grain 
was provided by the standard Kjeldahl method (AOAC, 1970). 
At the three stages, before flowering, anthesis and technological 
maturation, measurements on leaves by Chlorophyll meter 
(SPAD-502, Konica-Minolta) and petiole tissue by Cardy-ion 
meters (Horiba, Spectrum technology Inc.) were made and fully 
matured leaves were used for Chlorophyll meter readings. On 
the same leaves the sap from the petioles was taken to Cardy 
-ion meter reading of nitrates. Correlations between established 
measurements by rapid diagnostic tools and nitrogen content in 
the aboveground part of the plant and grain were determined 
and significant coefficients were shown (r). Meteorological data 
of average monthly temperatures (°C) and precipitation (mm) 
for the spring period of 2009 were used to interpret the results 
obtained from the field trial (Table 3). In this paper, some of 
the trials dates are selected and presented. The data have been 
statistically processed by analysis of variance (ANOVA). The LSD 
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tests have been performed for differences between average values 
according to inoculated bacterial stains; less than or equal to P ≤ 
0.05 being considered significant and their average values further 
tested by Student's t-test. The GENTSAT7 (GenStat for Windows 
7th Ed) statistical program has been used for data analysis.
RESULTS AND DISCUSSION
At the field trial the soil was classified as deep, brown carbonate 
soil on gravels with neutral pH reaction (Vasilj at al, 2019). The 
detected level of soil humus was poor (< 3 %) with modest supply 
of nitrogen. The supplies of plant- available phosphorus and 
potassium were good to very good (Table 2). The average monthly 
temperature from period of germination, the first growing stage 
as well as the end of vegetation period were in acceptable range. 
A higher temperature average during May affected acceleration of 
pea pods filling (Table 3). Total annual precipitation was 1848.9 
mm during 2009. The minimum precipitation in the vegetation 
period of 2009 occurred in May with average of 35.7 mm. The 
amounts of annual precipitation quite varied during the year. 
Based on the analysis of variance (Table 4) it was found that 
inoculated plants with indigenous strain R. leguminosarum (V1) 
showed the highest nitrogen content in the aboveground part of 
the pea for 33,7 % as well as in nitrogen grain content for 46,2% 
compared to the control (uninoculated). These results are in line 
with the results of similar studies in the application of indigenous 
strains R. leguminosarum to pea plants (Argaw et al. 2017; Vasilj 
et al., 2016, 2019). In addition, the same indigenous strain V1 
previously showed significantly higher aboveground nitrogen 
content for 22% at variety Petit Provancal that we also used in 
comparison to the variety the Miracle of America (Vasilj et al., 
2016). The results from the Table 4 showed that total nitrogen 
contents in the aboveground parts of the pea were the lowest in 
control (2.49 N %) and inoculated variant by strain V13 (3.81% 
N), while all other inoculate plants showed nitrogen values 
significantly higher by 15-46 %. The results of this trial indicate 
that inoculated pea plants by strain V1, V14, V18, V19, V20 had 
a positive significantl effect on total grain nitrogen contents (3.94 
% to 4.63 %N) compared to the control (2.49 N %). Clayton et 
al. (2004) found that inoculation of pea seeds with Rhizobium 
species increased the nitrogen content by approximately 19-42 mg 
plant-1, thereby increasing the percentage of nitrogen recovered 
from the atmosphere from 10 to 61%. The number of pods per 
plant in the Petit Provencal variety show no significant differences 
regarding used indigenous R. leguminosarum strains, reference R. 
leguminosarum 1001 strain or control without inoculation. The 
number of pods per plant ranged from 3.40 to 4.46 pods. The 
reason of small number of pods per plant in this study could be 
explained with low precipitation occurrence during vegetation 
as well as sampling done before technology maturation stage. 
Our results of the number of pods per plant on inoculated 
variety Petit Provencal are lower than in other studies (Uher et 
al. 2006; Rapčan et al., 2017). Inoculated pea seeds led to the 
formation of more pods than the un-inoculated variant (Friščić 
et al., 2011; Uher et al., 2010). The measured chlorophyll content 
in the leaves showed no significant difference with respect to 
the applied indigenous strains R. leguminosarum compared to 
the control and values ranged from 46.87 to 49.57 units (Table 
4). This could be explained by low chlorophyll meter sensitivity 
in SPAD value due to the similar effect of applied strains on the 
synthesis of chlorophyll content. Limited precipitation occurrence 
during vegetation can affect inoculation efficiency and nitrogen 
fixation process reducing the plant nitrogen content in leaves 
tissue used for SPAD analysis (Minguez and Sau, 1989; Djekoun 
and Planchon, 1991). Reduced nitrogen content in leaves could 
be the result of disturbed photosynthetic capacity affected by 
drought stress (Kao and Forseth, 1992; Atti et al., 2004). Bejandi et 
al. (2012) found that the chickpea inoculated by Rhizobium strains 
showed positive significant effect on chlorophyll content of 33.14 
units comparing to an uninoculated variant (28.21 units). The 
chlorophyll meter has proved successful in use for monitoring of 
nitrogen status of several crops beans (Madeira et al., 2000) rice 
(Ladha et al., 1998), maize (Ma and Dwyer, 1997), wheat (Reeves 
et al., 1993) and potatoes (Minotti et al., 1994; Poljak et al., 2008; 
Majić et al., 2008), confirming the accuracy and reducing time 
consumption for analysis.
Table 1. Ten isolated R. leguminosarum strains from native soil of Herzegovina and their abbreviation











Abbrev. V1 V5 V6 V7 V10 V13;V14 V18 V19 V20
Table 2. Soil chemical analysis for location of Hodbina in 2009
Soil depth pH in H2O pH in 1 M KCl Organic matter % Total N % P2O5 mg/ 100 g soil K2O mg /100g soil
0 – 30 8.02 6.51 2.76 0.13 21.8 27.2
Table 3. Average Monthly Air Temperature (°C) and Precipitation (mm) in Mostar Area for 2009
2009 I II III IV V VI VII VIII IX X XI XII
Monthly temperature average 6.3 5.9 9.5 15.6 21.3 22.0 26.3 26.8 22.3 14.8 10.4 7.5
Monthly precipitation average 336 117,4 173,6 68,1 35,7 190 15,8 57,8 127,8 246,6 164,2 315
(Source: FHMZFBIH, 2009)
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Table 4. Average value of measured parameters affected by the selected strains
Bacterial strains Total Plant nitrogen % Total grain nitrogen % Cardy ion meter mg NO3-N kg
-1 Chlorophyll meter Number of pods
control 2.93 c 2.49 d 284 b, c 46.87 3.45
V 1 4.42 a 4.63 a 341 a, b, c 48.53 4.08
V 5 3.85 a, b 3.56 b, c 232 c 47.80 4.08
V 6 4.16 a, b 3.06 c, d 306 a, b, c 46.96 3.40
V 7 3.86 a, b 3.43 b, c 267 b, c 48.71 3.44
V 10 4.20 a, b 3.81 b 387 a 48.99 3.67
V 13 3.81 b 3.01 c, d 246 c 47.26 3.44
V 14 3.87 a, b 4.13 a, b 276 b, c 48.82 4.46
V 18 4.16 a, b 4.2 a, b 372 a, b, c 48.79 3.79
V 19 4.04 a, b 3.99 a, b 372 a, b, c 49.57 3.51
V 20 4.01 a, b 3.94 a, b 382 a, b 48.21 3.59
V1001 4.18 a, b 3.33 b, c 286 b, c 47.51 4.17
LSD5% 0.58 0.78 101.9
No- significant F-test
LSD1% 0.78 1.04 135.3
The highest content of NO3-N (387 mg kg
-1) was determined 
in the petiole sap for plants inoculated by indigenous R. 
leguminosarum strain V10 relative to control, and the lowest was 
determined in plants inoculated by V5 strain (232 mg kg-1 NO3-N). 
Significantly higher contents of NO3-N (mg kg
-1) were obtained 
in plants inoculated by strains V1, V6, V10, V 18, V19 and V20 
comparing to control thus showing higher sensitivity of Cardy-
ion meter and measured values of nitrates to inoculation effect 
of pea variety Petit Provencal. Nitrate content and chlorophyll 
values decline ontogenetically over the growing period (Table 5) 
indicating a significant difference in values. In order to interpret 
achieved results of nutrient status the researchers suggest that the 
crop's stage, its genetic characteristics and environmental factors 
should always be considered. The Cardy- ion meter is successful 
in use for monitoring nitrogen status in potatoes (Poljak et al., 
2008; Majić et al., 2008; Westcott et al., 1991) and mint (Mitchell 
et al., 1995).
The correlation between the read values of the Chlorophyll 
meter and the Cardy-ion meter during the pre-flowering, anthesis 
and technological maturity phases of measurements is positive 
and weak (r = 0.21, 0.23, 0.24). Chlorophyll meter and Cardy-ion 
meter values show moderate positive correlations compared to the 
nitrogen content in the aboveground mass (0.26-0.32) during pre-
flowering and anthesis phase, and significantly weaker coefficient 
in the technological phase. An increase in the correlation 
coefficient of SPAD and NO3-N values in relation to the nitrogen 
content in the grain has been found as the plant enters the 
technological phase of maturity, although these correlations are 
quite weak and insignificant. What these correlations confirm is 
that the measured values of SPAD and NO3-N show the status 
and dynamics of nitrogen in plant tissue, which is expected to 
be significantly higher in vegetative mass at the beginning of 
vegetation. In maturation phase when redistribution of assimilates 
occurs from vegetative parts to grain, they will start to show a 
higher correlation coefficient between measured total nitrogen 
in grain and SPAD and NO3-N values. Weak correlation can be 
interpreted by low oscillations or too similar oscillations between 
the measured SPAD and NO3-N values, comparing to the total 
N values. However, there is an obvious tendency of changing the 
nitrogen status in plant tissue that can be followed by proposed 
rapid diagnostic methods. Probably these differences in measured 
values should be more pre-announced by applying some other 
agrotechnical measures that could result in higher correlation 
coefficient. By applying different N fertilization to crops, strong 
and positive correlations can be achieved between nitrogen 
content and established SPAD and NO3-N values, which has been 
confirmed by numerous researchers (Wescot et al., 1991; Vos and 
Boom, 1993; Minotti et al, 1994; Gianquinto et al., 2004).
Table 5. Cardy-ion and chlorophyll meters reading in different vegetation stages
Readings Before flowering Anthesis Technol. maturation LSD 5% LSD 1%
Cardy-ion meter (NO3-N mg/kg) 378 a 279 b 280 b 51 68
Chlorophyll meter 49.78 a 50.01 a 44.72 b 1.49 1.97
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CONCLUSION
The presented study shows that the Cardy-ion meter readings 
significantly differed with respect to the applied indigenous strains 
R. leguminosarum V1, V6, V10, V18, V19 and V20 compared 
to the control reference strain 1001 and V5, V7, V13 and V14 
indigenous strains. The Chlorophyll meter showed opposite 
results probably due to the small differences in strains nitrogen 
fixation amount. In this trail Cardy-ion meter showed higher 
sensitivity for determination of nitrogen status in pea variety 
Petit Provencal due to the inoculation effect. Measurements with 
both devices showed significant differences in obtained values 
with respect to the pea vegetation sampling stage. The established 
correlations between the measured values by rapid diagnostic tools 
and nitrogen content in plant and grain confirm the possibility of 
using leaves plant tissue for the monitoring of nitrogen status in 
pea variety Petit Provancal. However, it can be assumed that the 
short vegetation period of peas, as well as inoculation effect or 
some abiotic effects did not show highly significant correlation 
reflecting the nitrogen status change compared to the measured 
values. One of the important reasons of slow adoption of plant 
tissue analysis is difficulties in interpreting results against reliable 
referent values or standards, and measurements often fluctuate 
under the different external factors and cultivar or variety.
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